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1
$\mathcal{O}$ $R^{3}$ , $\Omega$ $:=R^{3}\backslash \overline{O}$ .
:
$u\equiv(\partial_{t}^{2}-\Delta)u=f$ $(t, x)\in(0, T)\cross\Omega$ , (1.1)
$u(t, x)=0$ $(t, x)\in(O,T)\cross\partial\Omega$ , (1.2)
$u(O, x)=u_{0}(x)$ , $(\partial_{t}u)(0, x)=u_{1}(x)$ , $x\in\Omega$ . (1.3)
$\tilde{u}_{0}$ $:=(u_{0}, u_{1})$ , $f\equiv 0$ $K[\tilde{u}_{0}](t, x),\tilde{u}_{0}\equiv 0$
$L[f](t, x)$ . ,
:
$v=g$, $(t, x)\in(0, T)\cross R^{3}$ , (1.4)
$v(0,x)=v_{0}$ , $(\partial_{t}v)(0,x)=v_{1}(x)$ , $x\in R^{3}$ . (1.5)
$\tilde{v}0$ $:=(v_{0}, v_{1})$ , $g\equiv 0$
$K_{0}[v_{0}\sim](t, x),\tilde{v}_{0}\equiv 0$ $L_{0}[g](t, x)$ .
$(1.1)-(1.3)$ , [17] $L^{p}-L^{q}$
“cut-off method” . , ,
, ,
. ,
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, (3.14) , [1], $[4, 5]$ ,
$[6, 7]$ , [8], [12], [13], [18] . , [17] $A\searrow$
(Lemma 3.3, Corollary 3.4)
(Lemma 3.1) “cut-off method” ,
(Propositions 4.2 and 4.3) .
. , (4.17) ,
“Almost global existence” 5 . ,
(Lemma 3.1) Lemma 4.4 .
, $0\in \mathcal{O}$ $\overline{\mathcal{O}}\subset B_{1/2}(0)$ ,




$\tilde{u}_{0}\in H^{m}(\Omega)\cross H^{m-1}(\Omega)$ , $f(t) \in\bigcap_{j=0}^{m-1}C^{j}([0,T):H^{m-1-j}(\Omega))$ (2.1)
$u_{j}(x)\equiv\Delta u_{j-2}(x)+(\dot{\theta}_{t^{-2}}f)(0,x)$ a.e. $x\in\Omega,$ $2\leq j\leq m-1$ (2.2)
. , $0\leq j\leq m-1$ $j$
$u_{j}=0$ on $\partial\Omega$ (2.3)
, $\tilde{u}_{0},$ $f$ $(m-1)$ . , $m$
, $\tilde{u}_{0},$ $f$ $(m-1)$ , $\vec{u}_{0},$ $f$
.




$suppu_{j}\subset\overline{\Omega_{a}}$ $(j=0,1)$ , $suppf(t, \cdot)\subset\overline{\Omega_{t+a}}$ $(t\geq 0)$ (2.4)
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supp $u(t, \cdot)\subset\overline{\Omega_{t+a}}$ $(t\geq 0)$
. , $a>1$ $\Omega_{a}$ $:=\Omega\cap B_{a}(0)$ .
, , $u(t)$ (2.7) . ,
$C_{0,D}^{\infty}(\overline{\Omega})=$ { $\vec{u}_{0}\in(C_{0}^{\infty}(\overline{\Omega}))^{2}|u_{j}=0$ on $\partial\Omega(j=0,1,$ $\cdots)$ }
, , $t\geq 0$ $U(t):C_{0,D}^{\infty}(\overline{\Omega})arrow C_{0,D}^{\infty}(\overline{\Omega})$ .
$U(t)\vec{u}_{0}\equiv(K[\vec{u}_{0}](t),\partial_{t}K[\tilde{u}_{0}](t))$
,
$U(t+s)=U(t)U(s)$ $(t, s\geq 0)$ , $U(0)=I_{C_{0,D}^{\infty}(\Pi)}$
. ,
$\Vert U(t)\vec{u}_{0}||_{E}=||\tilde{u}_{0}||_{E}$ $(\forall\tilde{u}_{0}\in C_{0,D}^{\infty}(\overline{\Omega}))$
. ,
$\Vert\tilde{u}_{0}||_{E}=(\frac{1}{2}\int_{\Omega}\{|\nabla u_{0}(x)|^{2}+|u_{1}(x)|^{2}\}dx)^{\frac{1}{2}}$.
, $C_{0,D}^{\infty}(\overline{\Omega})$ $||\cdot\Vert_{E}$ $H$ , $U(t)$ $H$
$H$ ,
$U(t+s)=U(t)U(s)$ $(t, s\geq 0)$
$U(t)h\in C([0, \infty):H)$ $h\in H$ . , $U(t)$ $H$
.
, $A$ $U(t)$ . , $A:Harrow H$
$\mathcal{D}(A)=$ { $h \in H|\lim_{t0}\frac{1}{t}(U(t)h-h)$ $H$ },
$Ah= \lim_{tarrow+0}\frac{1}{t}(U(t)h-h)$ $(h\in \mathcal{D}(A))$
. , $h\in \mathcal{D}(A),$ $t\geq 0$
$U(t)h\in \mathcal{D}(A)$ , $\frac{d}{dt}U(t)h=AU(t)h=U(t)Ah$
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. , $-iA$ ,
$\mathcal{D}(A)=\{h\in H|Ah\in H\}$ ,
$\langle Ah, \varphi\rangle_{H}=-\langle h, (\varphi_{1}, \triangle\varphi_{0})\rangle_{H}$ $(\forall\varphi=(\varphi_{0}, \varphi_{1})\in(C_{0}^{\infty}(\Omega))^{2})$
. ,
$\langle h,g\rangle_{H}=\frac{1}{2}\int_{\Omega}\{\nabla h_{0}(x)\cdot\overline{\nabla g_{0}}+h_{1}(x)\overline{g_{1}(x)}\}dx$.
, $(1.1)-(1.3)$
$\frac{d}{dt}\tilde{u}(t)=A\vec{u}(t)+f\vec{(}t)$ , $t\in(0, T)$ , (2.5)
ff(O) $=\vec{u}_{0}(x)$ (2.6)
, $u_{0}^{\prec}\in \mathcal{D}(A)$ $f\tilde{(}t$), $Af\tilde{(}t$ ) $\in C([0, T]:H)$ ,
$\tilde{u}(t)\in C^{1}([0,T]:H)$
$\vec{u}(t)=U(t)\vec{u}_{0}+\int_{0}^{t}U(t-s)f\vec{(}s)ds$ , $t\in(0, T)$ (2.7)
. , $f\tilde{(}t$ ) $=(0, f(t))$ .
,
(2.8), (2.9) . , $\psi_{a}\in C^{\infty}(R^{3})(a\geq 1)$
$\psi_{a}(x)=0(|x|\leq a)$ , $\psi_{a}(x)=1(|x|\geq a+1)$
, $[A, B]:=AB-BA$ . $a\leq b$ , $\psi_{a}\psi_{b}\equiv\psi_{b}$ .
Lemma 2.1 $\vec{u}_{0}\in(C^{\infty}(\Omega))^{2},$ $f\in C^{\infty}([0, T)\cross\Omega)$ (2.4)
. , $(t, x)\in[0, T)\cross\Omega$ :
$K[ \vec{u}_{0}](t,x)=\psi_{1}(x)K_{0}[\psi_{2}\tilde{u}_{0}](t,x)+\sum_{i=1}^{4}K_{i}[\vec{u}_{0}](t,x)$, (2.8)
$L[f](t,x)= \psi_{1}(x)L_{0}[\psi_{2}f](t,x)+\sum_{i=1}^{4}L_{i}[f](t, x)$ . (2.9)
,
$K_{1}[\tilde{u}_{0}](t, x)=(1-\psi_{2}(x))L[[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}]](t,x)$ , (2.10)
$K_{2}[\vec{u}_{0}](t,x)=-L_{0}[[\psi_{2},\square ]L[[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}]]](t,x)$ , (2.11)
$K_{3}[\tilde{u}_{0}](t,x)=(1-\psi_{3}(x))K[(1-\psi_{2})\vec{u}_{0}](t,x)$ , (2.12)
$K_{4}[\vec{u}_{0}](t, x)=-L_{0}[[\psi_{3},\square ]K[(1-\psi_{2})\tilde{u}_{0}]](t, x)$ (2.13)
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,$L_{1}[f](t, x)=(1-\psi_{2}(x))L[[\psi_{1}, \square ]L_{0}[\psi_{2}f]](t, x)$ , (2.14)
$L_{2}[f](t, x)=-L_{0}[[\psi_{2}, \square ]L[[\psi_{1}, \square ]L_{0}[\psi_{2}f]]](t, x)$ , (2.15)
$L_{3}[f](t, x)=(1-\psi_{3}(x))L[(1-\psi_{2})f](t, x)$ , (2.16)
$L_{4}[f](t, x)=-L_{0}[[\psi_{3}, \square ]L[(1-\psi_{2})f]](t, x)$ (2.17)
.
Proof. (2.9) , (2.8) . ,
$K_{1}[\vec{u}_{0}]+K_{2}[\tilde{u}_{0}]=L[[\psi_{1}, \square ]K_{0}$[ $\psi_{2}$ o]], in $(0,T)\cross\Omega$ , (2.18)
K3[u\tilde 0]+K4[u\rightarrow 0]=K[(1--\mbox{\boldmath $\psi$}2) O], in $(0, T)\cross\Omega$ , (2.19)
. (2.18) :
$\psi_{2}L[[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}]]-L_{0}[\square (\psi_{p}L[[\psi_{1}, \square ]K_{0}[\psi_{2}\vec{u}_{0}]])]=0$ in $(0, T)\cross R^{3}$ . (2.20)
, ,
. , (2.19) :
$\psi_{3}K[(1-\psi_{2})\tilde{u}_{0}]-L_{0}[\square (\psi_{3}K[(1-\psi_{2})\dot{u}_{0}])]=0$ in $(0,T)\cross R^{3}$ . (2.21)
, (2.18), (2.19) (2.8) :
$\psi_{1}K_{0}[\psi_{2}\tilde{u}_{0}]+L[[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}]]=K[\psi_{2}\vec{u}_{0}]$ in $(0,T)\cross\Omega$ . (2.22)
(2.22) $(0,T)x\Omega$ ,





Deflnition. $\overline{O}\subset B_{1}(0)$ $\mathcal{O}$ , $\dot{R}>1$
, $T=T(R)>0$ : $\Omega_{R}$
$T$ $\Omega_{R}$ . ,
$\Omega=R^{3}\backslash \overline{\mathcal{O}},$ $\Omega_{R}=\Omega\cap B_{R}(0)$ .
, [17, Lemmas 4.3 and Ap. 4] , .
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Lemma 3.1 $\overline{\mathcal{O}}\subset B_{1/2}(0)$ $\mathcal{O}$ , $\Omega=R^{3}\backslash \overline{\mathcal{O}}$
. , $0<\gamma\leq 2,$ $a,$ $b>1/2_{f}m\geq 2$ , $\vec{u}_{0},$ $f$ (2.1), $(m-1)$
$suppu_{j}\subset\overline{\Omega_{a}}$ $(j=0,1)$ , supp $f(t, \cdot)\subset\overline{\Omega_{a}}$ $(t\geq 0)$ (3.1)
. , (11) $-(13)$ $u(t)$ ,
$C=C(\gamma, a, b, m, \Omega)$ , $t\in[0, T$) :
$\sum_{|\alpha|\leq m}||\partial_{t,x}^{\alpha}u(t, \cdot):L^{2}(\Omega_{b})||\leq C(1+t)^{-\gamma}(||\tilde{u}_{0}$: $H^{m}(\Omega)\cross H^{m-1}(\Omega)||$ (3.2)
$+ \sup_{0\leq s\leq t}(1+s)^{\gamma}\sum_{|\alpha|\leq m-1}\Vert\partial_{s,x}^{\alpha}f(s, \cdot):L^{2}(\Omega)\Vert)$ .
, $(1.4)-(1.5)$ . , $\Gamma_{j}(i=$
$0,1,$ $\cdots$ , 6) :
$\partial_{0}=\partial_{t}$ , $\partial_{j}(j=1,2,3)$ , $\Lambda_{ij}=x_{j}\partial_{i}-x_{i}\partial_{j}(1\leq i<j\leq 3)$ . (3.3)
, $v(t, x)$ $m$
$|v(t,x)|_{m}= \sum_{|\alpha|\leq m}|\Gamma^{\alpha}v(t, x)|$
. , $\alpha=(\alpha_{0}, \alpha_{1}, \cdots\alpha_{6})$ , $\Gamma^{\alpha}=\Gamma_{0}^{\alpha_{0}}\Gamma_{1}^{\alpha_{1}}\cdots\Gamma_{6}^{\alpha_{6}},$ $|\alpha|=\alpha_{0}+\alpha_{1}+$
. . . $+\alpha_{6}$ . , $\Gamma_{j}$ :
$[ \Gamma_{i}, \Gamma_{j}]=\sum_{k=0}^{6}c_{ij}^{k}\Gamma_{k}$ $(i,j=0,1, \cdots 6)$ . (3.4)
. , :
[$\Gamma_{i}$ , ] $=0$ $(i=0,1, \cdots 6)$ . (3.5)
, , [2, Proposition 1.1] .
Lemma 3.2 $\nu>0$ ,
$\tilde{\Phi}_{\nu}(t,x)=\{\begin{array}{ll}(1+t+|x|)^{\nu} if \nu<0,\log^{-1}(2+\frac{1+t+|x|}{1+|t-|x||}) if \nu=0,(1+|t-|x||)^{\nu} if \nu>0\end{array}$
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. $v_{0}arrow\in(C_{0}^{\infty}(R))^{2}$ , $C=C(\nu)$ , $(t, x)\in[0, T)\cross R^{3}$
$\langle t+|x|\rangle\tilde{\Phi}_{\nu-1}(t, x)|K_{0}[v_{0}^{\vee}](t,x)|$ (36)
$\leq c(\sum_{|\alpha|\leq 1}\Vert|\cdot|\langle\cdot\rangle^{\nu}\partial^{\alpha}v_{0}$ : $L^{\infty}(R^{3})||+\Vert|\cdot|\langle\cdot\rangle^{\nu}v_{1}$ : $L^{\infty}(R^{3})||)$
.
, , [18, Proposition 3.1] .
Lemma 3.3 $\kappa>0$ ,
$\Phi_{\kappa}(t)=’\{\begin{array}{ll}\log(2+t) if \kappa=1,1 if \kappa\neq 1\end{array}$
. , $g\in C^{k}([0, T)\cross R^{3})$
$||g(t):M_{k}( \nu, \kappa;c)||=\sup_{(s,x)\in[0,t)xR^{8}}|x|\langle s+|x|\rangle^{\nu}\langle cs-|x|\rangle^{\kappa}|g(s,x)|_{k}$
(3.7)
. , $c,$ $\nu,$ $\kappa\geq 0,$ $k\in N$ .
(i) $c\geq 0,$ $\nu>0_{f}\kappa\geq 1$ , $C=C(c, \nu, \kappa)$ , $(t, x)\in[0,T)\cross R^{3}$
$\langle t+|x|\rangle\tilde{\Phi}_{\nu-1}(t, x)|L_{0}[g](t,x)|_{k}$ (38)
$\leq C(\Phi_{\kappa}(t)||g(t):M_{k}(\nu, \kappa;c)\Vert+||g(0):M_{k-1}(\nu, 0;c)||)$
. , $k=0,1$ , .
(ii) $c=1$ . , $\nu,$ $\kappa\geq 1$ , $(t, x)\in[0, T)\cross R^{3}$
$\langle x\rangle\langle t-|x|\rangle^{\rho}|\partial_{t,x}L_{0}[g](t, x)|_{k}$ (3.9)
$\leq C(\Phi_{\rho}(t)\Vert g(t):M_{k+1}(\nu, \kappa;1)||+||g(0):M_{k}(\nu+1,0;1)||)$
. , $\rho=\min(\nu, \kappa)$ , $k=0$ , .
(iii) $c\neq 1$ . , $\nu>0,$ $\kappa\geq 1$ , $(t, x)\in[0,T)\cross R^{3}$
$\langle x\rangle\langle t-|x|\rangle^{\nu}|\partial_{t,x}L_{0}[g](t, x)|_{k}$ (3.10)
$\leq C(\Phi_{\kappa}(t)||g(t) : M_{k+1}(\nu, \kappa;c)||+||g(0) : M_{k}(\nu+1,0 ; c)||)$
. , $k=0$ , .
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Corollary 3.4 , $\Lambda$ $:=\{(t, r)\in[0, \infty)^{2}|r/2\leq t\leq 2r\}$ ,
$W(t, r)=\{\begin{array}{ll}\langle r-t\rangle if (t, r)\in\Lambda,(r\rangle if (t,r)\in[0, \infty)^{2}\backslash \Lambda\end{array}$ (3.11)
. , $g\in C^{k}([0, T)\cross R^{3})$
$||g(t):M_{k}( \nu, \kappa)\Vert=\sup_{(s,x)\in[0,t)xR^{S}}|x|\langle s+|x|\rangle^{\nu}W(s, |x|)^{\kappa}|g(s, x)|_{k}$ (3.12)
. , $\nu,$ $\kappa\geq 0,$ $k\in N$ .
(i) $\nu>0,$ $\kappa\geq 1$ , $C=C(\nu, \kappa)$ , $(t, x)\in[0, T)\cross R^{3}$
$\langle t+|x|\rangle\overline{\Phi}_{\nu-1}(t, x)|L_{0}[g](t, x)|_{k}$ (3.13)
$\leq C(\Phi_{\kappa}(t)||g(t):M_{k}(\nu, \kappa)||+||g(0):M_{k-1}(\nu, 0)||)$
.
(ii) $\nu,$ $\kappa\geq 1$ , $(t, x)\in[0, T)\cross R^{3}$
$\langle x\rangle\langle t-|x|\rangle^{\rho}|\partial_{t,x}L_{0}[g](t,x)|_{k}$ (3.14)
$\leq C(\Phi_{\rho}(t)||g(t):M_{k+1}(\nu, \kappa)||+\Vert g(0):M_{k}(\nu+1,0)\Vert)$
. , $\rho=\min(\nu, \kappa)$ .
4
Proposition 4.1 $\vec{u}_{0}\in(C_{0}^{\infty}(\overline{\Omega}))^{2}$ . , $k$
. , $C$ , $(t, x)\in[0, T)\cross\Omega$
:
$|K[\vec{u}_{0}](t, x)|_{k}\leq C\langle t+|x|\rangle^{-1}\langle t-|x|\rangle^{-1}$ . (41)
Proof. , $v_{0}\sim\in(C_{0}^{\infty}(R^{3}))^{2}$
$\sum_{|\beta|\leq m}|\Gamma^{\beta}K_{o1^{arrow}}v_{0}](t,x)|\leq C\langle t+|x|\rangle^{-1}\langle t-|x|\rangle^{-1}$
, $(t,x)\in[0, T)\cross R^{3}$ (4.2)
. , $m=0$ , (3.6) $\nu=2$
. $m\geq 1$ , (3.5) , $m=0$ . , (2.8)
.
89
, $K_{1}[\vec{u}_{0}]$ . ,
$\sum_{|\beta|\leq m}\Vert\partial^{\beta}L[[\psi_{1}, \square ]K_{0}[\psi_{2}\overline{u}_{0}]](t):L^{2}(\Omega_{3})\Vert\leq C\langle t\rangle^{-2}$
, $t\in[0, T$) (4.3)
. , $\partial=(\partial_{t}, \nabla_{x}),$ $[A, B]$ $:=AB-BA$ ,
:
$[\psi_{a}, \square ]u(t, x)=u(t,x)\Delta\psi_{a}(x)+2\nabla_{x}u(t, x)\cdot\nabla_{x}\psi_{a}(x)$ , $(t,x)\in(O,T)\cross R^{3}$ ,
$\sum_{|\alpha|\leq m}\Vert\Gamma^{\alpha}[\psi_{a}, \square ]u(t):L^{2}(\Omega)||\leq C\sum_{|\alpha|\leq m+1}||\partial^{\alpha}u(t):L^{2}(\Omega_{a+1})||$
, $t\in(0,T)$ .
, (3.2) $\tilde{u}_{0}=0,$ $\gamma=2$ , (4.3) :
$C \langle t\rangle^{-2}\sup_{0\leq s\leq t}(1+s)^{2}\sum_{|\alpha|\leq m-1}\Vert\partial^{\alpha}[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}](s):L^{2}(\Omega)\Vert$
$\leq C\langle t\rangle^{-2}\sup_{0\leq s\leq t}(1+s)^{2}\sum_{|\alpha|\leq m}\Vert\partial^{\alpha}K_{0}[\psi_{2}\tilde{u}_{0}](s):L^{2}(\Omega_{2})\Vert$
.
, (4.2) (4.3) .
, $|\alpha|\leq k$ $\alpha$ . (4.3) ,
$| \Gamma^{\alpha}K_{1}[\vec{u}_{0}](t, x)|\leq\sum_{|\beta|\leq 2}C\Vert\partial_{x}^{\beta}\Gamma^{\alpha}((1-\psi_{2})L[[\psi_{1}, \square ]K_{0}[\psi_{2}\vec{u}_{0}]])(t):L^{2}(\Omega)||$
$\leq\sum_{|\beta|\leq|\alpha|+2}C||\partial^{\alpha}L[[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}]](t):L^{2}(\Omega_{3})||\leq C\langle t\rangle^{-2}$
.
, $suPpK_{1}[\tilde{u}_{0}](t, \cdot)\subset\overline{\Omega_{3}}$ , .
, $K_{2}[\vec{u}_{0}]$ . (3.8) $c=0,$ $\nu=2,$ $\kappa>1$ ,
$\langle t+|x|\rangle\langle t-|x|\rangle|K_{2}[\vec{u}_{0}](t,x)|_{k}$
$\leq C\Vert[\psi_{2}, \square ]L[[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}]](t):M_{k}(2, \kappa;0)\Vert$
$+C||[\psi_{2}, \square ]L[[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}]](0):M_{k-1}(2,0;0)||$
. ,
$C \sup_{(\iota,x)\in[0,t)x\mathbb{R}^{3}}$
$\langle s\rangle^{2}|[\psi_{2}, \square ]L[[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}]](s,x)|_{k}$
$\leq C\sup_{s\in[0,t)}\langle s\rangle^{2}\sum_{|\beta|\leq k+3}||\partial^{\beta}L[[\psi_{1}, \square ]K_{0}[\psi_{2}\tilde{u}_{0}]](s):L^{2}(\Omega_{3})||$
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, (4.3) . ,
$C \sup_{x\in \mathbb{R}^{3}}$ $\sum_{|\beta|\leq k-1}|\partial^{\beta}([\psi_{2}, \square ]L[[\psi_{1}, \square ]K_{0}[\psi_{2}\vec{u}_{0}]])(0,x)|$
$\leq C\sup_{x\in \mathbb{R}^{\theta}}\sum_{|\beta|\leq k+2}\Vert\partial^{\beta}L[[\psi_{1},\square ]K_{0}[\psi_{2}^{\neg}u_{0}]](0):L^{2}(\Omega_{3})\Vert$
, (4.3) . , $K_{2}[\tilde{u}_{0}]$
.
, $K_{3}[\tilde{u}_{0}]$ . , (3.2) $f(t)=0,$ $\gamma=2$ ,
$\sum_{|\beta|\leq m}||\partial^{\beta}K[(1-\psi_{2})\vec{u}_{0}](t):L^{2}(\Omega_{4})||\leq C\langle t\rangle^{-2}$ , $t\in[0,T$) (4.4)
. , $K_{1}[\tilde{u}_{0}]$ , (4.4) $K_{3}[u_{0}\neg]$
.
, $K_{4}[\vec{u}_{0}]$ . (3.8) $c=0,$ $\nu=2,$ $\kappa>1$ ,
$\langle t+|x|\rangle\langle t-|x|\rangle|K_{4}[\vec{u}_{0}](t,x)|_{k}$
$\leq C||[\psi_{3}, \square ]K[(1-\psi_{2})\vec{u}_{0}])](t):M_{k}(2, \kappa;0)||$
$+C||$ [ $\psi_{3}$ , ] $K[(1-\psi_{2})\tilde{u}_{0}])](0):M_{k-1}(2,0;0)||$ .
, (4.4) , $K_{2}[\tilde{u}_{0}]$ , $K_{4}[u_{0}\neg]$
. (4.1) .
Proposition 4.2 $f\in C^{\infty}([0, T)\cross\Omega)$ ,
$\Vert f(t):N_{k}(\nu, \kappa;c)||=\sup_{(s,x)\in[0,t)x\Omega}|x|\langle s+|x|\rangle^{\nu}\langle cs-|x|\rangle^{\kappa}|f(s,x)|_{k}$ (4.5)
. , $c,$ $\nu,$ $\kappa\geq 0,$ $k\in N$ .
(i) $c\geq 0,0<\nu\leq 2,$ $\kappa\geq 1$ , $C$ , $(t, x)\in[0, T)\cross\Omega$
$\langle t+|x|\rangle\tilde{\Phi}_{\nu-1}(t,x)|L[f](t,x)|_{k}$ (4.6)
$\leq C(\Phi_{\kappa}(t)\Vert f(t):N_{k+3}(\nu,\kappa;c)\Vert+\Vert f(0):N_{k+2}(\nu,0;c)||)$
.
(ii) $c=1$ . , $1\leq\nu\leq 2,$ $\kappa\geq 1$ , $(t, x)\in[0, T)\cross\Omega$
$\langle x\rangle\langle t-|x|\rangle^{\rho}|\partial_{t,x}L[f](t,x)|_{k}$ (4.7)
$\leq C(\Phi_{\rho}(t)||f(t):N_{k+4}(\nu, \kappa;1)||+||f(0):N_{k+3}(\nu+1,0;1)||)$
. , $\rho=\min(\nu, \kappa)$ .
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(iii) $c\neq 1$ . , $0<\nu\leq 2,$ $\kappa\geq 1$ , $(t, x)\in[0, T)\cross\Omega$
$\langle x\rangle\langle t-|x|\rangle^{\nu}|\partial_{t,x}L[f](t,x)|_{k}$ (4.8)
$\leq C(\Phi_{\kappa}(t)\Vert f(t):N_{k+4}(\nu, \kappa;c)\Vert+\Vert f(0):N_{k+3}(\nu+1,0;c)\Vert)$
.
Proof. (i) : , (3.8) , $suPp(\psi_{2}f)(t, \cdot)\subset\Omega$ , (2.9)
.
, $L_{1}[f]$ . , $0<\nu\leq 2,$ $\kappa\geq 1$
$\langle t\rangle^{\nu}\sum_{|\beta|\leq m}\Vert\partial^{\beta}L[[\psi_{1}, \square ]L_{0}[\psi_{2}f]](t):L^{2}(\Omega_{3})\Vert$
(4.9)
$\leq C(\Phi_{\kappa}(t)\Vert f(t):N_{m}(\nu, \kappa;c)\Vert+\Vert f(0):N_{m-1}(\nu,0;c)\Vert)$ , $t\in[0,T$ )
. (3.2) $\tilde{u}_{0}=0,$ $\gamma=\nu$ , (4.9) :
$C \sup_{0\leq s\leq t}(1+s)^{\nu}\sum_{|\alpha|\leq m-1}||\partial^{\alpha}[\psi_{1}, \square ]L_{0}[\psi_{2}f](s):L^{2}(\Omega)\Vert$
$\leq C\sup_{0\leq s\leq t}(1+s)^{\nu}\sum_{|\alpha|\leq m}||\partial^{\alpha}L_{0}[\psi_{2}f](s):L^{2}(\Omega_{2})\Vert$
.
, $x\in\Omega_{2}$ $\tilde{\Phi}_{\nu-1}(s, x)$ $\langle s\rangle^{\nu-1}$ , (3.8)
(4.9) . , ,
$\langle t\rangle^{\nu}|L_{1}[f](t,x)|_{k}\leq C(\Phi_{\kappa}(t)||f(t):N_{k+2}(\nu, \kappa;c)||+||f(0):N_{k+1}(\nu, 0;c)||)$ (4.10)
. , $L_{1}[f]$ .
, $L_{2}[f]$ . (3.8) $c=0,0<\nu\leq 2,$ $\kappa>1$ ,
$\langle t+|x|\rangle\tilde{\Phi}_{\nu-1}(t,x)|L_{2}[f](t,x)|_{k}$
$\leq C||[\psi_{2},$ $]L[[\psi_{1}, \square ]L_{0}[\psi_{2}f]](t):M_{k}(\nu, \kappa;0)||$
$+C||[\psi_{2},\square ]L[[\psi_{1}, \square ]L_{0}[\psi_{2}f]](0):M_{k-1}(\nu,0;0)||$
. ,
$C \sup_{(s,x)\in[0,t)x\mathbb{R}^{S}}\langle s\rangle^{\nu}|[\psi_{2},\square ]L[[\psi_{1},\square ]L_{0}[\psi_{2}f]](s,x)|_{k}$
$\leq C\sup_{s\in[0,t)}\langle s\rangle^{\nu}\sum_{|\beta|\leq k+3}||\partial^{\beta}L[[\psi_{1}, \square ]L_{0}[\psi_{2}f]](s):L^{2}(\Omega_{3})||$
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. , , (4.9)
$\langle t+|x|\rangle\tilde{\Phi}_{\nu-1}(t, x)|L_{2}[f](t, x)|_{k}$ (4.11)
$\leq C(\Phi_{\kappa}(t)||f(t):N_{k+3}(\nu, \kappa;c)||+\Vert f(0):N_{k+2}(\nu, 0;c)\Vert)$
.
, $L_{3}[f]$ . (3.2) $\tilde{u}_{0}=0,$ $\gamma=\nu$ ,
$\langle t\rangle^{\nu}\sum_{|\beta|\leq m}\Vert\partial^{\beta}L[(1-\psi_{2})f]](t):L^{2}(\Omega_{4})||$
(4.12)
$\leq C\sup_{0\leq s\leq t}(1+s)^{\nu}\sum_{|\alpha|\leq m-1}\Vert\partial^{\alpha}((1-\psi_{2})f)(s):L^{2}(\Omega)\Vert$
$\leq C\sup_{0\leq s\leq t}(1+s)^{\nu}\sup_{x\in\Omega_{S}}|f(s, x)|_{m-1}$
$\leq C||f(t):N_{m-1}(\nu, \kappa;c)||$
. , ,
$\langle t\rangle^{\nu}|L_{3}[f](t,x)|_{k}\leq C||f(t):N_{k+1}(\nu, \kappa;c)\Vert$ (4.13)
, $L_{3}[f]$ .
, $L_{4}[f]$ . (3.8) $c=0,0<\nu\leq 2,$ $\kappa>1$ ,
$\langle t+|x|\rangle\tilde{\Phi}_{\nu-1}(t,x)|L_{4}[f](t,x)|_{k}$
$\leq C||$ [$\psi_{3}$ , ] $L[(1-\psi_{2})f](t)$ : $M_{k}(\nu, \kappa;0)||$
$+C||[\psi_{3},\square ]L[(1-\psi_{2})f](0):M_{k-1}(\nu, 0;0)||$
. ,
$C \sup_{s\in[0,t)}\langle s\rangle^{\nu}\sum_{|\beta|\leq k+3}||\partial^{\beta}L[(1-\psi_{2})f](s):L^{2}(\Omega_{4})||$
. , , (4.12)
$\langle t+|x|\rangle\tilde{\Phi}_{\nu-1}(t,x)|L_{4}[f](t,x)|_{k}$ (4.14)
$\leq C(||f(t):N_{k+2}(\nu, \kappa;c)||+\Vert f(0):N_{k+1}(\nu,0;c)||)$
. , (4.6) .
(ii), (iii) : , (2.9) , $c=1$ $c\neq 1$ ,
(3.9) (3.10) , . , (4.10), (4.13)
$\Phi_{\kappa}(t)\leq\Phi_{\rho}(t)$ , $L_{1}[f],$ $L_{3}[f]$ .
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, $L_{2}[f]$ . (3.10) $c=0,0<\nu\leq 2,$ $\kappa>1$ ,
$\langle x\rangle\langle t-|x|\rangle^{\nu}|\partial_{t,x}L_{2}[f](t, x)|_{k}$
$\leq C||[\psi_{2},$ $]L[[\psi_{1}, \square ]L_{0}[\psi_{2}f]](t):M_{k+1}(\nu, \kappa;0)\Vert$
$+C||[\psi_{2},\square ]L[[\psi_{1}, \square ]L_{0}[\psi_{2}f]](0):M_{k}(\nu+1,0;0)\Vert$
. , (4.9) , $L_{2}[f]$
.
, $L_{4}[f]$ . (3.10) $c=0,0<\nu\leq 2,$ $\kappa>1$ ,
$\langle x\rangle\langle t-|x|\rangle^{\nu}|\partial_{t,x}L_{4}[f](t,x)|_{k}$
$\leq C\Vert[\psi_{3}, \square ]L[(1-\psi_{2})f](t):M_{k+1}(\nu, \kappa;0)||$
$+C||[\psi_{3}, \square ]L[(1-\psi_{2})f](0):M_{k}(\nu+1,0;0)||$
. , (4.12) , $L_{4}[f]$
. , (4.7), (4.8) .
Proposition 4.3 $f\in C^{\infty}([0, T)\cross\Omega)$ ,
$||f(t):N_{k}( \nu, \kappa)||=\sup_{(s,x)\in[0,t)x\Omega}|x|\langle s+|x|\rangle^{\nu}W(s, |x|)^{\kappa}|f(s, x)|_{k}$ (4.15)
. , $W(t, r)$ (3.11) , $\nu,$ $\kappa\geq 0_{f}k\in N$ .
(i) $0<\nu\leq 2,$ $\kappa\geq 1$ , $C$ , $(t, x)\in[0, T)x\Omega$
$\langle t+|x|\rangle\tilde{\Phi}_{\nu-1}(t, x)|L[f](t,x)|_{k}$ (4.16)
$\leq C(\Phi_{\kappa}(t)||f(t):N_{k+3}(\nu, \kappa)||+||f(0):N_{k+2}(\nu, 0)\Vert)$
.
(ii) $1\leq\nu\leq 2,$ $\kappa\geq 1$ , $(t, x)\in[0, T)\cross\Omega$
$\langle x\rangle\langle t-|x|\rangle^{p}|\partial_{t,x}L[f](t,x)|_{k}$ (4.17)
$\leq C(\Phi_{\rho}(t)||f(t):N_{k+4}(\nu, \kappa)\Vert+||f(0):N_{k+3}(\nu+1,0)||)$
. , $\rho=\min(\nu, \kappa)$ .
Proof. Proposition 4.2 , .
(i) : , (2.9) , (3.13) ,
.
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, $L_{1}[f]$ . (3.2) $\vec{u}_{0}=0,$ $\gamma=\nu$ $A\searrow$ (3.13)
, $0<\nu\leq 2,$ $\kappa\geq 1$
$\langle t\rangle^{\nu}\sum_{|\beta|\leq m}\Vert\partial^{\beta}L[[\psi_{1}, \square ]L_{0}[\psi_{2}f]](t):L^{2}(\Omega_{3})\Vert$
(4.18)
$\leq C(\Phi_{\kappa}(t)||f(t):N_{m}(\nu, \kappa)||+\Vert f(0):N_{m-1}(\nu,0)||)$ , $t\in[0,T$)
. , ,
$\langle t\rangle^{\nu}|L_{1}[f](t, x)|_{k}\leq C(\Phi_{\kappa}(t)||f(t):N_{k+2}(\nu, \kappa)||+||f(0):N_{k+1}(\nu, 0)||)$ (4.19)
, $L_{1}[f]$ .
, $L_{2}[f]$ . (4.9) (4.18) ,
$\langle t+|x|\rangle\tilde{\Phi}_{\nu-1}(t,x)|L_{2}[f](t, x)|_{k}$ (4.20)
$\leq C(\Phi_{\kappa}(t)\Vert f(t):N_{k+3}(\nu, \kappa)\Vert+\Vert f(0):N_{k+2}(\nu, 0||)$
.
, $L_{3}[f]$ .
$\langle t\rangle^{\nu}\sum||\partial^{\beta}L[(1-\psi_{2})f]](t):L^{2}(\Omega_{4})||\leq C||f(t):N_{m-1}(\nu, \kappa)||$ (4.21)
$|\beta|\leq m$
. , ,
$\langle t\rangle^{\nu}|L_{3}[f](t, x)|_{k}\leq C\Vert f(t):N_{k+1}(\nu, \kappa)\Vert$ (4.22)
, $L_{3}[f]$ .
, $L_{4}[f]$ . (4.12) (4.21) ,
$\langle t+|x|\rangle\overline{\Phi}_{\nu-1}(t,x)|L_{4}[f](t, x)|_{k}\leq C(\Vert f(t):N_{k+2}(\nu, \kappa)\Vert+||f(0):N_{k+1}(\nu,0)||)$ (4.23)
. , (4.16) .
(ii) : , (2.9) , (3.14) ,
. , (4.19), (4.22) $\Phi_{\kappa}(t)\leq\Phi_{\rho}(t)$ , $L_{1}[f],$ $L_{3}[f]$
. , (4.9) (4.18) , $L_{2}[f]$
. , (4.12) (4.21) , $L_{4}[f]$
. , (4.17) .
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Proposition 4.4 $\overline{\mathcal{O}}\subset B_{1/2}(0)$ $\mathcal{O}$ . , $0<$
$\nu\leq 2,$ $\kappa\geq 1,$ $m\geq 2$ , $f\in C^{\infty}([0, T)\cross\Omega)$
. , $C=C(\nu, \kappa, m, \Omega)$ , $t\in[0, T$ ) :
$\langle t\rangle^{\nu}\sum\Vert\partial_{t,x}^{\alpha}L[f](t, \cdot):L^{2}(\Omega_{3/4})\Vert$ (4.24)
$|\alpha|\leq m$
$\leq C(\Phi_{\kappa}(t)\Vert f(t):N_{m+3}(\nu, \kappa)\Vert+\Vert f(0):N_{m+2}(\nu,0)||)$ .
Proof. (2.9) , (4.24)
$C \langle t\rangle^{\nu}\sum_{j=1}^{4}\sup_{x\in\Omega_{3/4}}|L_{j}[f](t, x)|_{m}$
. , (4.19), (4.20), (4.22), (4.23) , (4.24) .
5
:
$u=F(\partial u)$ $(t, x)\in(0, \infty)\cross\Omega$ , (5.1)
$u(t, x)=0$ $(t, x)\in(O, \infty)\cross\partial\Omega$ , (5.2)
$u(O, x)=\epsilon\phi(x)$ , $\partial_{t}u(0, x)=\epsilon\psi(x)$ , $x\in\Omega$ . (5.3)
, $\epsilon$ , $\phi,$ $\psi\in C_{0}^{\infty}(\overline{\Omega})$ ,
$F( \partial u)=\sum_{a,b=0}^{3}A_{a,b}(\partial_{a}u)(\partial_{b}u)$ (5.4)
. , $A_{a,b}$ .
Theorem 5.1 $F(\partial u)$ (5.4) , $\phi,$ $\psi\in C_{0}^{\infty}(\overline{\Omega})$
. , $\epsilon 0,$ $C$ , $0<\epsilon\leq\epsilon_{0}$ $\epsilon$




Proof. [17] $(5.1)-(5.3)$ ,
. . ,
$e(T) \equiv\sup_{(t,x)\in[0,T)x\Omega}\langle x\rangle\langle t-|x|\rangle|\partial u(t, x)|N$
(5.6)
$+ \sup_{t\in[0,T)}(\sum_{|\alpha|\leq 2N}||\partial^{\alpha}\partial u(t):L^{2}(\Omega)\Vert+\sum_{|\alpha|\leq 2N-1}\langle t\rangle^{-1/2}||\Gamma^{\alpha}\partial u(t):L^{2}(\Omega)||$
$+ \sum_{|\alpha|\leq 2N-8}\log^{-1/2}(2+t)||\Gamma^{\alpha}\partial u(t):L^{2}(\Omega)\Vert+\sum_{|\alpha|\leq 2N-15}\Vert\Gamma^{\alpha}\partial u(t):L^{2}(\Omega)\Vert)$
, $N\geq 21,0<\epsilon\leq 1$
$e(T)\leq C_{0}(\epsilon+D(T))$ (5.7)




$E(u;t)= \frac{1}{2}\int_{\Omega}\{|\partial_{t}u(t, x)|^{2}+|\nabla_{x}u(t, x)|^{2}\}dx$ (5.9)
. (5.2) , $(t, x)\in(0, T)\cross\partial\Omega$ $\theta\dot{i}u(t, x)=0(i=$
$0,1,$ $\cdots$ ) ,
$\frac{d}{dt}E(f\dot{f}_{t}u;t)=\int_{\Omega}\dot{\Psi}_{t}F(\partial u)(t, x)\dot{\theta}_{t}^{+1}u(t, x)dx$
. , $|\partial u(t, x)|_{N}\leq C\langle t\rangle^{-1}e(T)$
$\frac{d}{dt}E(\partial iu;t)\leq C\langle t\rangle^{-1}e(T)\sum_{k=0}^{j}\int_{\Omega}|\partial_{t}^{k}\partial u(t,x)||\dot{\Psi}_{t}^{+1}u(t,x)|dx$
$\leq C(t\rangle^{-1}e(T)\sum_{k=0}^{2N}||\partial_{t}^{k}\partial u(t):L^{2}(\Omega)||^{2}\leq C\langle t\rangle^{-1}e(T)^{8}$
$\int$ j $=0,1,$ $\cdots 2N$ $i$ . ,
$t\in[0, T)$




$m$ 2 , $v\in H^{m}(\Omega)\cap H_{\nabla}(\Omega)$
$\sum_{|a|=m}||\partial_{x}^{a}v:L^{2}(\Omega)||\leq C(\sum_{|\beta|\leq m-2}||\partial_{x}^{\beta}\Delta v:L^{2}(\Omega)\Vert+||\nabla_{x}v:L^{2}(\Omega)||)$
(5.11)
. , $H_{\nabla}(\Omega)$ $C_{0}^{\infty}(\Omega)$ . $||\nabla_{x}v:L^{2}(\Omega)||$
.
, $1\leq i+|\alpha|\leq 2N+1$ $(j, \alpha)$
:
$\Vert\theta\dot{i}\partial_{x}^{\alpha}u(t):L^{2}(\Omega)\Vert\leq C(\epsilon+\log^{1/2}(2+T)e(T)^{3/2}+e(T)^{2})$ . (5.12)
, $i+|\alpha|=1$ , (5.10) . , $l$ $2N$ ,
$i+|\alpha|=l+1$ . $(i, |\alpha|)=(l+1,0),$ $(l, 1)$ , (5.10) (5.12) .
, $j=l+1-m,$ $|\alpha|=m(2\leq m\leq l+1)$ , (5.11)
$\Vert\dot{\Psi}_{t}\partial_{x}^{\alpha}u(t):L^{2}(\Omega)\Vert$
$\leq C(\sum_{|\beta|\leq m-2}||\dot{\theta}_{t}\partial_{x}^{\beta}\Delta u(t):L^{2}(\Omega)||+||\theta_{t}^{;}\nabla_{x}u(t):L^{2}(\Omega)||)$
. , $0\leq i\leq l-1\leq 2N-1$ ,
(5.10) . , (5.1)
$C \sum_{|\beta|\leq m-2}(\Vert\partial_{t}^{l+3-m}\partial_{x}^{\beta}u(t):L^{2}(\Omega)\Vert+||\partial_{t}^{l+1-m}\partial_{x}^{\beta}F(\partial u)(t):L^{2}(\Omega)\Vert)$
. , $(l+1-m)+|\beta|\leq l-1\leq 2N-1$ ,
$C| \partial u(t,x)|_{N}\sum_{|a|\leq 2N-1}||\partial^{\alpha}\partial u(t):L^{2}(\Omega)||\leq Ce(T)^{2}$
. , , $m$ 2, $\cdots l+1$ .
, $m=2$ $(j, |\alpha|)=(l+1,0)$ , $m=3$ $(j, |\alpha|)=(l+1,0)$ ,
$(l, 1)$ , $m=4$ $(j, |\alpha|)=(l+1,0),$ $(l, 1),$ $(l-1,2)$ .
, (5.12) $1\leq i+|\alpha|\leq 2N+1$ $(j, \alpha)$ .
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, (5.12) , $t\in[0, T$)
$\sum_{|\alpha|\leq 2N}||\partial^{\alpha}\partial u(t):L^{2}(\Omega)\Vert\leq C(\epsilon+D(T))$ (5.13)




$+ \int_{\partial\Omega}\nu\cdot\nabla_{x}\Gamma^{\alpha}u(t, x)\partial_{t}\Gamma^{\alpha}u(t, x)dx$
, $\nu$ $\partial\Omega$ . , $|\partial u(t, x)|_{N}\leq C(t\rangle^{-1}e(T)$
, $|\alpha|\leq 2N-1$ ,
$C \langle t\rangle^{-1}e(T)\sum_{|\beta|\leq|\alpha|}\Vert\Gamma^{\beta}\partial u(t):L^{2}(\Omega)\Vert^{2}$
. , $\partial\Omega\subset B_{1/2}(0)$ , $(t, x)\in(0, T)\cross\partial\Omega$
$| \Gamma^{\alpha}u(t, x)|\leq C\sum_{|\beta|\leq|\alpha|}|\partial^{\beta}u(t, x)|$ . , ,
$C \sum_{|\beta|\leq|\alpha|+1}||\partial^{\beta}\partial u(t):L^{2}(\Omega_{3/4})||^{2}$
,
$\frac{d}{dt}E(\Gamma^{\alpha}u;t)\leq C\langle t\rangle^{-1}e(T)\sum_{|\beta|\leq|\alpha|}||\Gamma^{\beta}\partial u(t):L^{2}(\Omega)||^{2}$ (5.14)
$+C \sum_{|\beta|\leq|a|+1}||\partial^{\beta}\partial u(t):L^{2}(\Omega_{3/4})\Vert^{2}$
.
(5.14) , , $t\in[0, T$)
$\sum_{|\alpha|\leq 2N-1}\langle t\rangle^{-1/2}\Vert\Gamma^{a}\partial u(t):L^{2}(\Omega)||\leq C(\epsilon+D(T))$ (5.15)
. , $D(T)$ (5.8) .





$E(\Gamma^{\alpha}u;t)\leq C\epsilon^{2}+C\langle t\rangle(e(T)^{3}+(\epsilon+D(T)^{2})\leq C\langle t\rangle(\epsilon^{2}+D(T)^{2})$
, (5.15) .
, $t\in[0,T$)
$\sum_{|\alpha|\leq 2N-8}\log^{-1/2}(2+t)||\Gamma^{a}\partial u(t):L^{2}(\Omega)\Vert\leq C(\epsilon+D(T))$
(5.16)
. ,
$\sum_{|\beta|\leq 2N-7}\Vert\partial^{\beta}\partial u(t):L^{2}(\Omega_{3/4})||\leq C\langle t\rangle^{-1/2}(\epsilon+D(T))$
(5.17)
. $u(t, x)$
$u\cdot=\epsilon K[\phi,\psi]+L[F(\partial u)]$ in $(0,T)\cross\Omega$ , (5.18)
, (3.2) , $\nu>0,$ $m\in N$
$\sum_{|\beta|\leq m}||\partial^{\beta}\partial K[\phi, \psi](t):L^{2}(\Omega_{3/4})||\leq C\langle t\rangle^{-\nu}$
(5.19)
. , (5.17) , $0<\epsilon\leq 1$
$\sum_{|\alpha|\leq 2N-6}\langle t\rangle^{1/2}||\partial^{a}L[F(\partial u)](t):L^{2}(\Omega_{3/4})$ Il $\leq C(\epsilon^{2}+\log(2+t)e(T)^{2})$ (5.20)
. (4.24) , (5.20)
$||F(\partial u)(t):N_{2N-3}(1/2,1)||\leq Ce(T)^{2}$ (5.21)
.
, $v\in C_{0}^{2}(\overline{\Omega})$ , :
$|x||v(x)| \leq C\sum_{|\alpha|\leq 2}||\Gamma^{\alpha}v:L^{2}(\Omega)||$
$(\forall x\in\Omega)$ (5.22)
. , $w\in C_{0}^{2}(\mathbb{R}^{3})$ ,
$|x||w(x)| \leq C\sum_{|a|\leq 2}||\Gamma^{\alpha}w:L^{2}(\mathbb{R}^{3})||$
$(\forall x\in \mathbb{R}^{3})$
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[11] , $v=\psi_{1}v+(1-\psi_{1})v$ , (5.22)
$C \sum_{|\alpha|\leq 2}\Vert\Gamma^{\alpha}(\psi_{1}v):L^{2}(\mathbb{R}^{3})\Vert+C|v(x)|$
$\leq C\sum_{|a|\leq 2}\Vert\Gamma^{\alpha}v:L^{2}(\Omega)\Vert+C\sum_{|\alpha|\leq 2}||\partial_{x}^{\alpha}v:L^{2}(\Omega)||$
, (5.22) . ,
$\sum_{|\beta|\leq 2N-3}|x||\partial^{\beta}\partial u(t, x)|\leq C\sum_{|\beta|\leq 2N-1}||\Gamma^{\alpha}\partial u(t):L^{2}(\Omega)||\leq C\langle t)^{1/2}e(T)$ (5.23)
. , (3.11)
$|\partial u(t,x)|_{N}\leq C\langle t+r\rangle^{-1}W(t,r)^{-1}e(T)$ (5.24)
. , (5.23), (5.24) (5.21) . (5.17) .
, $\sum_{|\beta|\leq 2N-8}||\Gamma^{\beta}\partial u(t)$ : $L^{2}(\Omega)||\leq\log^{1/2}(2+t)e(T),$ $(5.17)$ (5.14) ,
$|\alpha|\leq 2N-8$ $\alpha$







$\sum_{|a|\leq 2N-15}\Vert\Gamma^{a}\partial u(t):L^{2}(\Omega)||\leq C(\epsilon+D(T))$ (5.25)
. , $1/2<\nu<1$ $\nu$
$\sum_{|\beta|\leq 2N-14}||\partial^{\beta}\partial u(t):L^{2}(\Omega_{3/4})\Vert\leq C\langle t\rangle^{-\nu}(\epsilon+D(T))$ (5.26)
. , , $\sum_{|\beta|\leq 2N-15}||\Gamma^{\beta}\partial u(t):L^{2}(\Omega)||\leq e(T)$
(5.14) , $|\alpha|\leq 2N-15$ $\alpha$





, (5.26) . (5.19) ,
$\sum_{|\alpha|\leq 2N-13}\langle t\rangle^{\nu}||\partial^{a}L[F(\partial u)](t):L^{2}(\Omega_{3/4})||\leq C(\epsilon^{2}+D(T))$
. (4.24) ,
$\Vert F(\partial u)(t):N_{2N-10}(\nu, 1)\Vert\leq Ce(T)^{2}$ (5.27)
. , (5.22)
$\sum_{|\beta|\leq 2N-10}|x||\partial^{\beta}\partial u(t,x)|\leq C\sum_{|\beta|\leq 2N-8}||\Gamma^{\alpha}\partial u(t):L^{2}(\Omega)\Vert\leq C\log^{1/2}(2+t)e(T)$




$\langle x\rangle\langle t-|x|\rangle|\partial u(t,x)|_{N}\leq C(\epsilon+D(T))$ (5.28)
. , (5.18) (4.1) ,
$\langle x\rangle\langle t-|x|\rangle|\partial L[F(\partial u)](t,x)|_{N}\leq C(\epsilon^{2}+D(T))$
. (4.17) ,
$||F(\partial u)(t):N_{N+4}(1,1)||\leq Ce(T)^{2}$ (5.29)
.
, $N\geq 21$ , $[(N+4)/2]\leq N,$ $N+6\leq 2N-15$ .
, (5.24)
$|\partial u(t,x)|_{[(N+4)/2]}\leq C\langle t+r\rangle^{-1}W(t,r)^{-1}e(T)$
. , (5.22)




(5.13), (5.15), (5.16), (5.25) (5.28) , $N\geq 21,0<\epsilon\leq 1$
(5.7) . , $M$ $M\geq 3C_{0},$ $e(O)\leq M\epsilon/2$ . ,
$e(T)\leq M\epsilon$ , (5.7)
$e(T)\leq C_{0}\epsilon+(C_{0}(M\epsilon\log(2+T))^{1/2}+C_{0}M\epsilon\log(2+T))M\epsilon$ (5.30)





. , $(5.1)-(5.3)$ , (5.31)
. , Theorem 5.1 .
Remark. , Theorem 5.1 [10]
. , [15] ,
. , ,
$t\partial_{t}+x\cdot\nabla$ , $(1+t+|x|)^{-1}$ ,
$(1+|x|)^{-1}(1+|t-|x||)^{-1}$ .
, (5.4) , ,
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